Purpose. To examine and compare treatment outcomes for slipped capital femoral epiphysis (SCFE). Methods. 24 patients with acute or acute-on-chronic SCFE underwent preoperative traction, 13 of them followed by in situ screw fixation (group A), and the remaining 11, manipulation with screw fixation (group B). Their treatment outcomes (according to the Aadalen criteria) and complications were compared. Results. There were 2 treatment failures and one poor outcome in patients with acute SCFE (2 had avascular necrosis and one had slight pain with mild limitation of hip movement). The risk of developing avascular necrosis was significantly higher in patients with acute rather than acute-on-chronic or chronic slips. No significant differences were evident between groups A and B with regard to age, sex, ethnicity, outcomes, and preoperative and postoperative changes in the Southwick headshaft angle. traction for up to 6 days, followed by in situ screw fixation without manipulation. Manipulation is not recommended in such slips, due to a higher avascular necrosis risk.
INTRODUCTION
Slipped capital femoral epiphysis (SCFE) is the most common adolescent hip problem. The goal of treatment is to correct deformity and prevent further slip and complications. 1 Treatment methods include immobilisation with a hip spica, bone epiphysiodesis, osteotomy, and fixation using different implants.
2,3
Whether to perform manipulation before fixation remains controversial, especially in cases of acute or acute-on-chronic slips. Possible complications include avascular necrosis (AVN), chondrolysis, early osteoarthritis, slip progression, fixation and implantrelated problems, sciatic nerve neuropraxia, and secondary osteoarthritis.
We reviewed the treatment outcome of 30 patients with SCFE (24 were acute or acute-on-chronic and 6 were chronic).
MATERIALS AND METHODS
Records of 30 patients (38 hips) aged 9 to 14 (mean, 11) years treated for SCFE from 1997 to 2005, with a mean follow-up of 34 (range, 6-72) months, were reviewed ( Table 1) . 24 of them (24 hips) had acute or acute-onchronic SCFE. 5 The slip was mild in 16, moderate in 7, and severe in one 6 ; it was unstable in 22 and stable in 2.
7 All underwent straight-leg traction for 6 (range, 1-15) days, 13 followed by in situ screw fixation (group A), whereas 11 followed by manipulation and screw fixation (group B). The remaining 6 patients (14 hips) with chronic SCFE underwent traction followed by in situ screw fixation. Their treatment outcomes (according to the Aadalen criteria) 8 and complications were compared.
Screws used in fixation included a cannulated 6.5-mm screw (Ace; El Segundo [CA], US), a 7-mm partially-threaded cannulated screw (AO; Synthes, Oberdoff, Switzerland), or a Moore pin. A single screw (either Ace or AO) was inserted in all patients except one treated with 2 Ace screws and another with 3 Moore pins on one side and one Moore pin and one AO screw on the other side. The mean duration of hospital stay was 1.4 (range, 3-26) days. Postoperatively, patients were placed in a hip spica for 6 weeks and/or non-weight bearing for one to 4 months with the assistance of crutches or a wheelchair. They then progressed to full weight-bearing after a mean duration of 2.6 (range, 1-6) months.
All continuous data were checked for normality using the Kolmogorov-Smirnov test. Fisher's exact test was used to determine statistical significance when comparing categorical data, and the t-test or Mann-Whitney U test were used to compare continuous data, depending on the normality of the data distribution. A p value of <0.05 was considered statistical significance.
RESULTS
In 32 hips the results achieved were good or excellent according to the Aadalen criteria ( Table 2 ). The 2 treatment failures and one poor outcome were in patients with an acute presentation (2 developed AVN and one had slight pain with mild limitation of hip movement). The risk of AVN was significantly higher in patients with acute rather than acute-on-chronic or chronic slips (25% vs 0%, p=0.019). However the difference was not significant for patients who had (Tables 2 and 3) .
DISCUSSION
Acute SCFE seemed to be associated with a poorer prognosis, but did not appear to be related to the use of manipulation. The incidence of AVN was significantly higher in patients with acute SCFE. The complication rate of 18% is considered high, although rates of up to 34 and 40% have been reported elsewhere. 9, 10 In the first AVN patient, the acute, severe, and unstable nature of the slip was the predisposing factor. 4, 7 Although manipulation can help restore the blood supply to the femoral head, 11, 12 it was not successful in this patient. In the second patient with AVN, the slip was acute, mild, and unstable with pain on weightbearing. Although no manipulation was undertaken, its unstable nature was the most likely predisposing factor. In both patients, the screw position was acceptable, with no penetration of the subchondral bone.
AVN is more likely to occur in unstable and severe slips, 7 if pins are superoposteriorly positioned 4 or multiple. 13, 14 Our findings suggest that AVN was more likely to occur in acute than unstable slips.
Manipulation and corrective osteotomy (especially cuneiform osteotomy) have been associated with higher AVN and chondrolysis rates. 1, 3, 15 20 to 31% of patients who underwent manipulation before fixation developed this complication. 4, 15, 16 In contrast, in patients without manipulation, only 6% developed AVN. 16 In patients with unstable or acute/acute-onchronic SCFE, however, some consider manipulation safe. They therefore suggest reduction only by traction and internal rotation, 17 manipulation after failed reduction via traction, 18 or manipulation alone. 19 In those undergoing manipulation followed by bone graft epiphysiodeses and casting, only 5% were reported to develop AVN. 8 The timing of manipulation may also affect the incidence of AVN. Early (<24 hours) reduction 11 may decrease the risk, because during acute slip, the metaphysis displaces superolaterally and the femur rotates externally, causing twisting or kinking of the posterosuperior retinacular and lateral epiphyseal vessels. Nonetheless, the degree of displacement did not correlate with the development of AVN. 11 In an angiographic study, the superior retinacular artery circulation was regained after reduction. Damage to vascularity may occur during initial injury, and manipulation per se does not necessarily lead to AVN. 
Mean postoperative change (range) Induction of anaesthesia, followed by positioning on the operating table often led to reduction of unstable slips.
2,7 A larger series may better demonstrate the safety or danger of manipulation. Given the risks of manipulation-associated AVN and chondrolysis, we recommend that unstable SCFE be managed with traction for a short period, followed by in situ screw fixation without manipulation. Longitudinal traction in internal rotation for one to 2 days was able to achieve some reduction in 5 of 13 patients with acute or acute-on-chronic SCFE. 17 However, there was one patient in whom AVN was due to over-distraction during traction. Therefore, longitudinal traction should not exceed 10% of the body weight. 17 In our study, traction did not cause any major complications, and may have helped reduce acute, unstable slips, although post-traction radiographs were not taken to confirm this.
Chondrolysis (loss of joint space of <3 mm) has been associated with unstable slips, manipulation, pin penetration, and multiple pins. 14, 20, 21 None of our patients who underwent manipulation developed chondrolysis. Chondrolysis can occur with or without treatment (casting or surgery), and in 95% of patients developing AVN it occurred within a year.
21
Chondrolysis may be an autoimmune process. 21 There may even be a genetic variation predisposing western populations to chondrolysis in SCFE, as its incidence in our Southeast Asian patients is low.
Permanent pin penetration resulted in joint narrowing and widespread destruction.
22 Intraoperative radiography should be used to prevent pin penetration. 3 In situ fixation with a single, centrally located pin with an anterior starting point is likely to be the safest fixation method. 23 Pin extrusion is a common problem especially for smooth pins.
9 In 3 patients, we had difficulty removing the standard AO 7.0-mm partially threaded screws, due to overgrowth of bone over the screw head or bony ingrowth between the screw threads. This did not occur when the Ace screw was used, presumably due to the large hexagonal screw head. We therefore suggest the use of the Ace or similar screw with a large hexagonal head for easy removal after physeal closure.
Slip progression occurred in one girl in whom the screw was removed prematurely, before complete physeal closure. The screw was therefore re-inserted and removed after physeal closure. The outcome of that patient was fair. It is important to wait for physeal closure before implant removal.
CONCLUSION
Precautions should be taken to minimise complications arising from SCFE treatment. Patients with acute or acute-on-chronic SCFE can be safely managed with straight-leg traction for up to 6 days, followed by in situ screw fixation. Manipulation is not recommended in such slips, due to a higher risk of AVN. Particular care should be taken intra-operatively to avoid pin penetration of the articular surface, and during follow-up to monitor for complications of implants, AVN, and chondrolysis. Patients with acute and unstable slips are at higher risk of developing AVN. In situ fixation using a cannulated screw with a hexagonal head is recommended for chronic, stable slips, so as to facilitate removal. Physeal closure must be confirmed before screw removal.
